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ZKHUH0LVWKHWRWDOQXPEHURIVDPSOHSRLQWV
QQ 010  ? 
,I WKHVH0VDPSOHSRLQWVDUHREWDLQHGIURPDVTXDUHJULGIRUPHGE\P[PSHUSHQGLFXODUOLQHVRQDSODQHKDYLQJ
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VHSDUDWLRQEHWZHHQWZRFRQVHFXWLYHOLQHVDVǻ[WKHQ0 P DQGWRWDOQRPLQDOFRQWDFWDUHDRIWKLVJULGLV
0[$  ' 
QQ 1[
$
0 

'
 ? 
7KH LQWHUIHUHQFH RI DQ QSRLQW DVSHULW\
QG LV H[SUHVVHG LQ WHUPV RI KHLJKW RUGLQDWH RI HTXLYDOHQW DVSHULW\ ] DQG
VHSDUDWLRQGLVWDQFH KDVJLYHQEHORZ
K]Q  G 
6XEVWLWXWLQJYDULRXVUHODWLRQVIURPHTXDWLRQVDQG LQHTXDWLRQDQGVROYLQJ
WKLVHTXDWLRQZHJHWDQH[SUHVVLRQIRUWRWDOFRQWDFWORDGRQDJURXSRIQSRLQWDVSHULWLHVDV
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6LPLODUO\WKHH[SUHVVLRQIRUQRQGLPHQVLRQDOFRQWDFWORDG Q$ ZKLFKLVQRUPDOL]HGZLWKUHVSHFWWRQRPLQDOFRQWDFW
DUHD $ FDQEHREWDLQHGDV
QS,,QHS,QHSQHQ ,,,,$ uuuu  SSSS 
 
(TXDWLRQVDQGDUHGXHWR FRQWULEXWLRQVIURPIRXUVHSDUDWH]RQHVRIGHIRUPDWLRQRISDUWLFXODUJURXSRIQ
SRLQWDVSHULWLHV7RHYDOXDWH WKH LQWHJUDO WHUPV ,QH ,QHS, ,QHS,, DQG ,QS LQ WKHVHHTXDWLRQVQSRLQWDVSHULW\PRGHO
+DULUL HW DO E LV UHIHUUHG DQG WKH OLPLWV RI LQWHJUDWLRQ LQ RULJLQDO ZRUN +DULUL HW DO E DUH VOLJKWO\
PRGLILHG WR DFFRPPRGDWH WKH .RJXW DQG (WVLRQ PRGHO HIIHFW 7KHVH LQWHJUDO WHUPV IRU FRQWDFW ORDG DQG
FRQWDFWDUHDFDOFXODWLRQVDUHDVJLYHQEHORZ
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)RUPRUHGHWDLOHG VWXG\ DERXW LQWHJUDO WHUPV 
 , 
 DQGRWKHU UHODWHG WHUPVXVHG LQQSRLQW
DVSHULW\ LW LV UHFRPPHQGHG WRUHIHU+DULULHWDO DERULJLQDOZRUN7KH P SDUDPHWHUVDSSHDULQJ LQ LQWHJUDO
WHUPV
,
 DUHGLIIHUHQWIRUORDGDQGDUHDFDOFXODWLRQVDQGWKH\DUHDVJLYHQEHORZ
)RUFRQWDFWORDG )RUFRQWDFWDUHD
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 5HVXOWVDQG'LVFXVVLRQ
(TXDWLRQVDQGRI FRQWDFWORDGDQGFRQWDFWDUHDDVJLYHQDERYHDUHHYDOXDWHGQXPHULFDOO\IRUDOOJURXSV
RIQSRLQWDVSHULWLHVLHIRUSRLQWSRLQWHWFJURXSRIQSRLQWDVSHULWLHVIRUGLIIHUHQWFRPELQDWLRQVRISODVWLFLW\
LQGH[ȥ DQGGLPHQVLRQOHVVVHSDUDWLRQKı7KHWRWDOFRQWDFWORDGDQGFRQWDFWDUHD RQWKHVXUIDFH DUHREWDLQHGE\
DGGLQJWKHUHVXOWVIRULQGLYLGXDOJURXSRIDVSHULWLHV%HIRUHGLVFXVVLQJWKHUHVXOWVREWDLQHGLWLVLPSRUWDQWWRNQRZ
WKHSK\VLFDO VLJQLILFDQFHRI WKHSDUDPHWHUV OLNH ȥȕȡ DQG QPD[ ZKLFKDUH FRQWUROOLQJ WKHILQDOFRQWDFW ORDGDQG
FRQWDFWDUHDYDOXHV7KHYDOXHRIWKHSODVWLFLW\LQGH[ȥGHWHUPLQHVWKHQDWXUHRIFRQWDFWOLNHHODVWLFHODVWLFSODVWLF
RUSODVWLF,WLVDIDFWRUZKLFKFRPELQHVWKHPDWHULDO DQGWRSRJUDSKLFSURSHUWLHVRIURXJKVXUIDFH3ODVWLFLW\LQGH[ ȥ
GHILQHGE\*UHHQZRRGDQG:LOOLDPVRQ+DULULHWDO EDQG:KLWHKRXVHDQG$UFKDUG GLIIHULQ
VW\OH RI FRPELQLQJ WKH PDWHULDO DQG WRSRJUDSKLF SURSHUWLHV EHFDXVH RI WKH IDFW WKDW WKH\ GLIIHU LQ WKH ZD\ RI
FKDUDFWHUL]LQJ WKHURXJKQHVVRIVXUIDFH 3K\VLFDOO\FRUUHODWLRQ OHQJWKȕJLYHVDQ LQGLFDWLRQRI WKHQDWXUHRI WKH
SURILOHRUVXUIDFH ,WUHSUHVHQWVWKHPD[LPXPGLVWDQFHRYHUZKLFKVLJQLILFDQWFRUUHODWLRQLQURXJKQHVVKHLJKWVH[LVW
,QRWKHUZRUGVFRUUHODWLRQOHQJWKLVWKHGLVWDQFHEHWZHHQWZRVWDWLVWLFDOO\LQGHSHQGHQWSRLQWV $VXUIDFHSURILOHZLWK
ORZYDOXHRI FRUUHODWLRQ OHQJWKZLOO FDUU\ VKDUS DVSHULWLHVZKLOH WKDW KDYLQJKLJKYDOXH RI FRUUHODWLRQ OHQJWKZLOO
KDYH IODW DVSHULWLHV 7KH FRUUHODWLRQ FRHIILFLHQW ȡ ZKLFK FDUULHV YDOXHV LQ EHWZHHQ  DQG  LV WKH LQGLFDWRU RI
VLPLODULW\EHWZHHQGLIIHUHQWDVSHULWLHV7KHYDOXHȡ UHSUHVHQWVKLJKO\XQFRUUHODWHGRUGLVVLPLODUDVSHULWLHVZKLOH
ȡ  JLYHV KLJKO\ FRUUHODWHG RU VLPLODU DVSHULWLHV 7KH FKRLFHV RI ȡ DQG QPD[ PD[LPXP YDOXH RI Q RU QXPEHU RI
KHLJKW RUGLQDWHV RI ZKLFK DQ DVSHULW\ LV FRPSRVHG RI DUH GHSHQGHQW RQ HDFK RWKHU 7KH YDOXH RI ȡ GLFWDWHV WKH
FKRLFH RI QPD[ WR D ODUJH H[WHQW+DULUL HW DO D KDYH VKRZQ WKDW IRU ORZ YDOXH RI ȡ ORZHU YDOXH RI QPD[ LV
VXIILFLHQWDQGIRUKLJKYDOXHRI ȡ KLJKHUYDOXHRIQPD[ LVUHTXLUHG 7KHUHIHUHQFHV +DULULHWDOEDQG6DKRRHW
DO KDYHVKRZQWKDWZLWK ȡ   DQG QPD[ DFFXUDWHUHVXOWVFDQEH REWDLQHGGRZQWR K   ,QWKHSUHVHQW
ZRUN DOVR DVSHULWLHV FRPSULVHG RI PD[LPXP XS WR  QXPEHU RI RUGLQDWHV QPD[  DUH FRQVLGHUHG EXW ZLWK
ȡ 7KLV YDOXH RI FRUUHODWLRQ FRHIILFLHQW VHOHFWHG LQ SUHVHQW ZRN UHSUHVHQWV D FRPSURPLVH YDOXH EHWZHHQ
PD[LPXP DQGPLQLPXPYDOXHVRIFRUUHODWLRQ 7KRXJKLWLVEHWWHUWRFRQVLGHUKLJKHU QPD[ IRUDSDUWLFXODUYDOXHRI ȡ
EXW LW LQFUHDVHV WKHQXPHULFDOFRPSXWDWLRQDOFRPSOH[LW\ZLWKDOPRVWQHJOLJLEOH LPSURYHPHQW ,Q WKLVVWXG\ Kı LV
FRQVLGHUHG EHWZHHQ  WR  DQG IRU *DXVVLDQ GLVWULEXWLRQ RI DVSHULW\ KHLJKWV WKLV UDQJH RI VHSDUDWLRQZLOO FRYHU
DOPRVWRIWKHDVSHULWLHV
,QWKHSUHVHQWVWXG\WKHSODVWLFLW\LQGH[GHILQHGE\+DULUL HWDOE^  VE\  (+ `LVXVHG$FFRUGLQJ
WRZKLFKWKHFRQWDFWLVSUHGRPLQDQWO\SODVWLFIRU ȥHODVWLF±SODVWLFIRU ȥDQGSUHGRPLQDQWO\HODVWLF
IRU ȥ!%XWWKHSUHVHQWVWXG\UHVXOWVGLIIHUIURP+DULULHWDOILQGLQJV EHFDXVHRILQFRUSRUDWLRQRIWZRVHSDUDWH
IRUPXODWLRQVIRULQWHUPHGLDWHHODVWLFSODVWLF WUDQVLWLRQ]RQHLQWKHSUHVHQWVWXG\ZKLFKVKLIWVSXUHO\SODVWLF]RQHRI
GHIRUPDWLRQIDUDZD\IURPSXUHO\HODVWLF]RQHZLGHQVWKHGHIRUPDWLRQ]RQHJDSEHWZHHQSXUHO\HODVWLFDQGSXUHO\
SODVWLF]RQHV6RLWFKDQJHVWKHORDGDQGDUHDFDOFXODWLRQVIRUGLIIHUHQW]RQHVDQGWKHLUSURSRUWLRQDQGFRQWULEXWLRQ
ZLWK UHVSHFW WR WRWDO UHVXOWV 3UHGRPLQDQFH RI SDUWLFXODU W\SH RI GHIRUPDWLRQ FDQ EH MXGJHG E\ FRPSDULQJ LWV
FRQWULEXWLRQ LQ WKH WRWDO ,W LV WREHQRWHGKHUH WKDWZKLOHJLYLQJGHPDUFDWLRQ OHYHOV IRUSUHGRPLQDQFHRIGLIIHUHQW
NLQGVRIGHIRUPDWLRQ+DULUL EKDVPHQWLRQHGQRWKLQJDERXW WKHYDOXHVRIFRUUHODWLRQFRHIILFLHQW ȡ ,Q WKH
SUHVHQWVWXG\LW LVIRXQGWKDW WKHSUHGRPLQDQFHRISDUWLFXODUNLQGRIGHIRUPDWLRQGHSHQGVQRWRQO\XSRQSODVWLFLW\
LQGH[ȥEXWDOVRXSRQYDOXHRIFRUUHODWLRQFRHIILFLHQWȡ$VFDQEHVHHQIURPILJDDQGEVKRZLQJYDULDWLRQV
RISHUFHQWDJHHODVWLFFRQWDFW ORDG  33H YHUVXVQRQGLPHQVLRQDOVHSDUDWLRQKıDQGSHUFHQWDJHHODVWLFFRQWDFW
DUHD  $$H YHUVXV QRQ GLPHQVLRQDO VHSDUDWLRQ Kı WKH FRQWULEXWLRQ IURP SXUHO\ HODVWLF SDUW LQ WRWDO VWDUWV
H[FHHGLQJIRU ȥ!DQG ȡ  ȥ!DQG ȡ  ȥ!DQG ȡ 
)LJDDQGEVKRZVGLPHQVLRQOHVVPHDQVHSDUDWLRQRIVXUIDFHVDVDIXQFWLRQRISHUFHQWDJHYDOXHVRIHODVWLF
FRQWDFWORDGDQGHODVWLFFRQWDFWDUHD UHVSHFWLYHO\IRUGLIIHUHQWYDOXHVRISODVWLFLW\LQGLFHVȥDQGDWDFRQVWDQWYDOXH
RI FRUUHODWLRQ FRHIILFLHQW ȡ  ,W FOHDUO\ VKRZV WKDW ZLWK LQFUHDVH LQ ȥ FRQWULEXWLRQ RI HODVWLF SDUW LQ WRWDO
LQFUHDVHV7KHSUHGRPLQDQFHRIHODVWLFSDUWFDQEHVHHQIRUYDOXHVRI ȥ !EHFDXVHDVFDQEH VHHQIURPWKHSORW
WKHYDOXHVRIHODVWLFFRQWDFWORDGDQGHODVWLFFRQWDFWDUHDH[FHHGVIRUDOOOHYHOVRIVHSDUDWLRQZKHQ ȥ LV JUHDWHU
WKDQ
7KHLQWHUPHGLDWHHODVWLFSODVWLFVWDWHVRIGHIRUPDWLRQH[WHQGIURP įQS WR įQS .RJXWDQG(WVLRQZKLFK
LV YHU\ZLGH UDQJH DV FRPSDUHG WR SXUHO\ HODVWLF VWDWH UDQJH$OVR DV FDQ EH VHHQ IURP HTXDWLRQ  WKH FULWLFDO
GHIRUPDWLRQYDOXH įQS LVDIXQFWLRQRISODVWLFLW\LQGH[ȥFRUUHODWLRQFRHIILFLHQWȡDQGQXPEHURIKHLJKWRUGLQDWHV
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Q6RIRUDIL[HGYDOXHRI ȡDZLGHUDQJHRI ȥ YDOXHVQHHGWREHFRQVLGHUHGWRFRYHUDOOW\SHVRIGHIRUPDWLRQ ,Q
WKH SUHVHQW VWXG\ ȥ YDOXHV LQ WKH UDQJH  DUH FRQVLGHUHG IRU ȡ 7R GHPDUFDWH WKH SUHGRPLQDQFH RI
GLIIHUHQW]RQHVRIGHIRUPDWLRQZLWK ȥ YDOXHVWKHVDPHORJLFDVXVHGHDUOLHULQWKLVVWXG\IRUSUHGRPLQDQFHRISXUHO\
HODVWLF]RQHLVXVHG,WLVIRXQG WKDWWKHSUHGRPLQDQFHRIGLIIHUHQW]RQHVZLWK ȡ H[LVWVDV OLVWHG EHORZ
)LJXUH  /RDGDQGDUHDDJDLQVWVHSDUDWLRQDV IXQFWLRQ RIȡȥD HODVWLFORDG E HODVWLFDUHD
)LJXUH  /RDGDQGDUHDDJDLQVWVHSDUDWLRQDV IXQFWLRQRIȥ DWFRQVWDQWȡD HODVWLFORDG E HODVWLFDUHD
ȥ! SUHGRPLQDQWO\ HODVWLF ȥ SUHGRPLQDQWO\ HDUO\ HODVWLFSODVWLF VWDWH, ȥ SUHGRPLQDQWO\
HODVWLFSODVWLFVWDWH,, ȥ SUHGRPLQDQWO\SODVWLF
%\XVLQJSUDFWLFDOYDOXHRIFRUUHODWLRQOHQJWK ȕ P +DULULHWDOEDQG6DKRRHWDO DQGWDNLQJ
H[SHULPHQWDOGDWDRI1XULDQG+DOOLQJ  IRUVXUIDFHURXJKQHVVSDUDPHWHUVIRUDVWHHORQVWHHOVXUIDFHFRQWDFW
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LH ı P( ( *3DȞ Ȟ + *3DZHJHWWKHSODVWLFLW\LQGH[DV ȥ IURPWKHIRUPXOD
$QG DV SHU GHPDUFDWLRQV IRU SUHGRPLQDQFH RI GHIRUPDWLRQ OLVWHG DERYH IRU ȡ  WKLV ȥ YDOXH LQGLFDWHV
SUHGRPLQDQWO\HODVWLFSODVWLFVWDWH,,QWKH SUHVHQWVWXG\WKLVGDWDLVXVHGLQQSRLQWDVSHULW\PRGHODQGUHVXOWVDUH
REWDLQHG IRU SHUFHQWDJH HODVWLFSODVWLF VWDWH, FRQWDFW DUHD  $$ ,HS   DQG FRQWDFW ORDG  33 ,HS   IRU YDULRXV
YDOXHVRIPHDQVXUIDFHV VHSDUDWLRQKıDQG WKHVHDUHSORWWHGDV VKRZQ LQ ILJ$VSHU+DULULHWDO E WKLV
NLQGRIFRQWDFW OLHV LQSUHGRPLQDQWO\SODVWLF]RQH%XWDVSHUSUHVHQWVWXG\DQDO\VLV WKLV LVSUHGRPLQDQWO\HODVWLF
SODVWLFVWDWH,FRQWDFWZKLFKFDQEHFOHDUO\VHHQLQILJ7KLV YDULDWLRQLQSUHVHQW DQDO\VLVDQG+DULUL HWDO DQDO\VLV
LVEHFDXVHRILQFRUSRUDWLRQRIVHSDUDWHIRUPXODWLRQVIRULQWHUPHGLDWHHODVWRSODVWLFVWDWHVRIGHIRUPDWLRQ
)LJXUH  /RDGDQGDUHDDJDLQVWVHSDUDWLRQIRU HODVWRSODVWLFVWDWH,
)LJXUH  1RQGLPHQVLRQDO FRQWDFWORDGDVDIXQFWLRQRID0HDQVHSDUDWLRQ E1RQGLPHQVLRQDO FRQWDFWDUHD
)LJ DDQGE VKRZVQRQGLPHQVLRQDO WRWDOFRQWDFW ORDG3 3$+DVD IXQFWLRQRIPHDQVHSDUDWLRQ Kı
DQGQRQGLPHQVLRQDOWRWDOFRQWDFWDUHD $ $$UHVSHFWLYHO\7KHVHSORWVDUHSORWWHGZLWK ȡ   ȕ  ȝPDQG
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IRU YDOXHV RI SODVWLFLW\ LQGH[ ȥ    UHSUHVHQWLQJ SUHGRPLQDQWO\ GLIIHUHQW ]RQHV RI GHIRUPDWLRQ :KHQ
YLHZHG IURP EHKDYLRXU SRLQW RI YLHZ LW LV WR EH QRWHG WKDW DOO WKH SORWV LQ ILJ D DQG E IURP SUHVHQW ZRUN
SHUIHFWO\IROORZWKHEHKDYLRXURISORWVIURPFRQYHQWLRQDOPRGHOV &KDQJHWDO=KDRHWDODQG3HQJHW
DO DQG+DULUL HWDO E PRGHO7KH JHQHUDOWUHQGRIEHKDYLRXULV ZLWKGHFUHDVHLQVHSDUDWLRQEHWZHHQWKH
VXUIDFHVWKHUHLVLQFUHDVHLQFRQWDFWORDGDQGFRQWDFWDUHD 3ORWLQILJ DVKRZVWKDWDWDSDUWLFXODUVHSDUDWLRQWKH
WRWDOFRQWDFW ORDG LV LQFUHDVLQJZLWK GHFUHDVLQJYDOXHRIȥ ,WPHDQV WKDW WRPDLQWDLQSDUWLFXODU OHYHORIVHSDUDWLRQ
WRWDOFRQWDFWORDGDQGWRWDOFRQWDFWDUHDUHTXLUHGDUHKLJKHULQSUHGRPLQDQWO\SODVWLFFRQWDFWGRPDLQWKDQWKHVDPHLQ
SUHGRPLQDQWO\ HODVWLF±SODVWLF FRQWDFW GRPDLQZKLFK LQ WXUQ LV KLJKHU WKDQ WKDW UHTXLUHG LQ  SUHGRPLQDQWO\ HODVWLF
FRQWDFWGRPDLQ,QRWKHUZRUGVIRUVDPHFRQWDFWORDGWKHVXUIDFHVZLWKORZHUYDOXHVRIȥJHWPRUHGHIRUPHG7KLVLV
EHFDXVH VRIWHU PDWHULDOV OHVVHU +( UDWLR RU URXJKHU VXUIDFHV VPDOOHU ȕı JHW HDVLO\ GHIRUPHG SODVWLFDOO\ DV
FRPSDUHGWRKDUGPDWHULDOVRUVPRRWKVXUIDFHV
 &RQFOXVLRQ
,QFOXVLRQRI.RJXWDQG(WVLRQIRUPXODWLRQVIRULQWHUPHGLDWHHODVWRSODVWLFWUDQVLWLRQ]RQHIRUFRQWDFWORDG
DQGFRQWDFWDUHDJLYHVFRPSOHWHVROXWLRQZKLFKLV FDSDEOHRISUHGLFWLQJWKHEHKDYLRXURIFRQWDFWLQJVXUIDFHVLQZLGH
UDQJH RI LQWHUIHUHQFH YDOXHV DQG DOO GRPDLQV RI GHIRUPDWLRQ 7KH SDWWHUQ RI UHVXOWV IURP QSRLQW DVSHULW\PRGHO
FRPSOHWHO\ IROORZV WKHFRQYHQWLRQDOPRGHOV%XW LW LV YHU\GLIILFXOW WR VHW D EDVHSRLQW IRUFRPSDULVRQRI QSRLQW
DVSHULW\ PRGHO UHVXOWV ZLWK FRQYHQWLRQDO PRGHO UHVXOWV 7KLV LV EHFDXVH RI LQFRUSRUDWLRQ RI IHZ DGGLWLRQDO
SDUDPHWHUVOLNHȡȕ FRQVLGHUDWLRQRIFXUYDWXUHDVDYDULDEOH DQG XVHRIPXOWLYDULDWH*DXVVLDQSUREDELOLW\GHQVLW\
IXQFWLRQ $VFDQEHVHHQIURP+DULULHWDODDQGEFRQWDFWPRGHOVZLWKQSRLQWDVSHULW\PRGHODUHPRUH
UHDOLVWLFWKDQPRGHOVZLWKFRQYHQWLRQDOSRLQWDVSHULW\FRQFHSW PRGHOV %XWEHFDXVHRIWKHFRPSOH[LW\LQFRQWDFW
ORDGIRUPXODWLRQWKHVROXWLRQRIWKHSUREOHPLQQSRLQWDVSHULW\PRGHOEHFRPHVPRUHGLIILFXOW7KHPRVWVLJQLILFDQW
ILQGLQJRI WKLV VWXG\ LV WKDW WKHGHPDUFDWLRQRIGLIIHUHQW]RQHVRIGHIRUPDWLRQ LV QRWRQO\D IXQFWLRQRISODVWLFLW\
LQGH[EXWLWGHSHQGVRQFRUUHODWLRQFRHIILFLHQWDOVR
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